Introduction
The Red Phalarope (Phalaropus fulicarius) is a highly pelagic shorebird, spending up to 11 months each year on the ocean during non-breeding periods (Tracy et al., 2002) . In western North America, Red Phalaropes migrate far offshore, and are rarely seen inland as they travel between breeding grounds in Alaska and northern Canada to non-breeding areas in waters off western South America (Tracy et al., 2002) . Distribution at sea is associated with ocean fronts and areas of upwelling that concentrate zooplankton prey (Brown and Gaskin, 1988) . Current population status of the species remains uncertain, although some evidence suggests long-term declines. Abundance of Red Phalaropes at Rasmussen Lowlands, Nunavut, Canada, in the mid-1990s was 76% lower relative to the mid-1970s (Gratto-Trevor et al., 1998) . Similarly, Tracy et al. (2002) suggest the species became less common in early 2000s in the northern Gulf of Mexico relative to the 1960s and 1970s. Due to its pelagic nature and its breeding in remote Arctic regions, the Red Phalarope is understudied compared to other species. To understand potential drivers of these observed declines and to ensure protection for this species, better information about potential threats and sources of mortality is needed.
Large mortality events of Red Phalaropes can occur, consisting of emaciated migrants whose carcasses appear on beaches during migration and wintering periods, e.g., coastal California in 1934 , 1969 , and 2003 (Miller, 1936 Bond, 1971; Nevins et al., 2005) . Such events can result from changes in ocean-climate conditions, resulting from large scale phenomena such as El Niño-Southern Oscillation (ENSO) events that can lead to reduced availability of prey species. Breeding densities of Red Phalaropes at Prudhoe Bay, Alaska, decreased by > 50% in 1983 following the ENSO event in the non-breeding areas (Troy, 1996) . Similarly, Red Phalaropes occurred commonly in offshore waters near Washington State in 1980, but declined during the 1982/ 1983 ENSO event, and returned to normal numbers in the following years, indicating perhaps a shift in distribution during these times (Wahl et al., 1993) . ENSO events in the central (tropical) Pacific Ocean are linked with large scale changes in the northern Pacific Ocean through complex mechanisms (Di Lorenzo et al., 2010) , and a strong ENSO signal may not always result in discernable changes in waters of more northern areas. In the eastern Pacific Ocean, influxes of warm water are associated with smaller size distributions of zooplankton (Chiba et al., 2015; Liu et al., 2015) , and such shifts in preferred prey likely explain how ocean conditions affect Red Phalaropes, although further research is needed to identify the precise mechanism.
In addition to suffering effects of reduced prey, surface-feeding marine birds such as Red Phalaropes are also vulnerable to ingesting marine plastics pollution (Moser and Lee, 1992; Blight and Burger, 1997) . Red Phalaropes are known to ingest plastic debris, presumably because plastics are mistaken as prey, and several studies have found high amounts of plastic debris in stomach contents. Bond (1971) reported that all 20 dead phalaropes found in November 1969 in southern California, United States, had plastic balls in stomachs, and all birds were emaciated (~50% of their normal body weights). Connors and Smith (1982) found that 85.7% of Red Phalaropes collected in 1980 from a flock of spring migrants in California had plastic pieces in gut contents, and that the amount of plastic and fat condition had a nonsignificant negative correlation, although sample size was small (N = 7). Moser and Lee (1992) found plastic in gut contents of 69.1% of Red Phalaropes collected at sea 5-60 km off the North Carolina coast, between 1975 and 1989 (N = 55) . Despite these reports from US waters, plastics have not been previously recorded in Red Phalaropes in Canadian waters (Provencher et al., 2015) . Therefore, any records of ingestion of plastics by phalaropes will inform the extent to which this exposure poses a threat to the species (Avery-Gomm et al., 2013) .
Important to consider when assessing species vulnerability to marine plastics pollution is that plastic debris is not uniformly distributed on marine waters. Among coastal waters on the continental shelf of the northeast Pacific Ocean, high amounts of marine debris are found both near human population centers in the Salish Sea, as well as more remote areas such as Queen Charlotte Sound and specific fjords in the mainland coast of British Columbia, Canada (Williams et al., 2011) . Similarly, Desforges et al. (2014) found microplastics were present throughout much of Pacific Ocean region of British Columbia, but with a strong spatial gradient wherein concentrations were lowest in offshore waters, and increased 6, 12 and 27-fold on the west coast of Vancouver Island, Strait of Georgia, and Queen Charlotte Sound, respectively. These elevated concentrations of microplastics near urban areas are consistent with land-based sources, whereas Desforges et al. (2014) suggest high concentrations of microplastics in Queen Charlotte Sound result from oceanographic currents that trap and concentrate debris. Once in the water, microplastics can concentrate along oceanic convergent and frontal zones associated with river plumes, tidal mixing and coastal upwelling (Auta et al., 2017) . Given this spatial variance along the coast, a marine bird species' risk of exposure to marine plastic debris will depend on the amount of overlap between its distribution and the existing pools of plastic within ocean waters (Williams et al., 2011; Titmus and Hyrenbach, 2011) . Given that phalaropes depend on frontal oceanic systems and their surface feeding foraging strategy, this species is especially vulnerable to plastic ingestion.
In the fall of 2016, the tug boat Nathan E. Stewart ran aground in Seaforth Channel, near Queen Charlotte Sound, British Columbia (Fig. 1) , and shoreline assessments began as part of the emergency response. During this effort, several non-oiled Red Phalarope carcasses were found, providing a unique opportunity to document a mortality event of Red Phalaropes in a remote area of the species' range. Coincidentally, another Red Phalarope carcass was collected from Haida Gwaii during the same time period, and contributed to the sample after an unusual number of on and near shore sightings of Red Phalaropes were made by one of the authors (CMB) in Haida Gwaii. In this paper, we describe the physical conditions of the found bird carcasses from veterinary necropsy reports, and present stomach content analyses to quantify types and amount of food and ingested plastics. To better understand the oceanic conditions that may have led to this mortality event, the ocean conditions in the Queen Charlotte Sound during the fall of 2016 are also described and compared to normal conditions for the area. In addition, we collated the sparse information that was available on the distribution of Red Phalaropes during their southward migration (the time of annual cycle when this mortality event happened) on the Pacific northwestern coast of North America, based on pelagic surveys and eBird data. We use this information to gauge the frequency with which Red Phalaropes occur close to shore. These disparate sources of information are interpreted within the overall objective to place this unusual record of a mortality event within the larger context of conservation priorities for this pelagic shorebird.
Methods

Study area
Seaforth Channel lies near the Queen Charlotte Sound area within the Central Coast region of British Columbia, Canada (Fig. 1) , and within the Canadian Pacific Exclusive Economic Zone (EEZ). The channel forms part of the marine highway ('Inside Passage') that connects ocean vessel traffic between Alaska with Washington State, United States. The area has rocky beaches set in complex shorelines and long fjords surrounded by coastal rainforest. The area is remote, with little road access, and the main population center is Bella Bella, also known as Wagisla (52.1605°N, 128.1456°W; Fig. 2) , home to~1500 people. The southern tip of the Haida Gwaii archipelago lies directly west of Seaforth Channel across Queen Charlotte Sound. Oceanographically, the study area is characterized as a transition zone where the Pacific Current bifurcates into the Gulf of Alaska Current flowing northward, and the southward flowing California Current (Thomson, 1981; Ware and McFarlane, 1989) . The study area is characterized by upwelling features over the shelf-break during the summer (approximately May to September) and downwelling during the winter (Thomson, 1981) .
On 13 October 2016, the tug Nathan E. Stewart ran aground while pushing a tanker barge in Seaforth Channel, approximately 20 km from Bella Bella (Fig. 1) . The tug sank later that day, and an emergency oil spill response began. Clean-up efforts, coastline surveys, and wildlife monitoring continued daily (allowing for safe weather) from 15 October to 17 November 2017. During these efforts, eight dead Red Phalaropes were found from 28 October to 14 November 2017 ( Fig. 1) , approximately 2 weeks after the tug sank. In addition, on 22 November 2016, a Red Phalarope apparently foraging on the road (Hwy 16), was struck by vehicle approximately 20 km south of the city of Masset in Haida Gwaii (Fig. 1 ).
Necropsy and gut content analyses
All carcasses were shipped to the Animal Health Centre at the British Columbia Ministry of Agriculture for a necropsy by a professional avian pathologist (VB) who determined the cause of death. Postmortem examination included measuring body weight, ranking body condition based on the degree of pectoral muscling and the extent of subcutaneous and visceral adipose stores. Body condition was scored as follows: 1, emaciated; 2, thin/poor; 3, fair; 4, good/very good; 5, excellent (Albert et al., 2010) . Gender and sexual maturity was assessed by visualization of the gonads. Cause of death was recorded and the gastro-intestinal tract was removed for further examination.
Gut contents were later examined for all debris and diet items at the National Wildlife Research Centre in Ottawa. Gut contents were examined using techniques as applied to other seabirds to assess for plastics ingestion Poon et al., 2017) . The stomachs (excluding the intestines) were opened and flushed with water to remove all items. All stomach contents were rinsed under a 1 mm sieve and examined using a binocular microscope. All plastics were enumerated and tabulated as recommended for marine birds in Provencher et al. (2017) . Briefly, all debris was categorized as either industrial pellets or user debris (i.e., fragments, fibers, sheet, foam, wax and rubber; Provencher et al., 2017) . Each individual piece of debris was measured using General model digital calipers. Both the length (the longest dimension) and width (the next longest dimension) of the debris items were measured, and the pieces were categorized into meso-(> 5-20 mm), micro-(1-5 mm) and ultrafine-plastics (1 μm to 1 mm) using their smallest dimension . Individual pieces were also weighed using an analytical balance (to 0.0001 g) after being air dried for 48 h. When very small pieces were < 0.0001 g the weight was recorded as 0 and did not contribute to the overall mass recorded per bird. In this way the mass of plastics reported here are conservation minimum values of plastics. The colour of the debris pieces were identified using a Munsell colour wheel, and then grouped into eight colour categories (off-white/clear, green, orange/brown, black, red/pink, grey/silver, blue/purple, and yellow). It was also noted if the plastics appeared weathered (evidence of rounded edges and biotic growth on the pieces) or unweathered (fresh with no sign of biofilm or other growth and sharp edges). We present the frequency of occurrence with 95% confidence intervals (CI) using the Jeffreys interval (Brown et al., 2001) . We also report means with SD, median and range of the mass and number of plastics reported for all plastics found per individual and by debris category, as per Provencher et al. (2017) . Generalized additive model (GAM) predicted densities were categorized using Jenks (Natural Breaks). The standardized long-term surveys known as 'Line P' appear as a transect stretching northwest from the city of Victoria, British Columbia.
Modelling of marine distribution and eBird records
We used two data sources to model the distribution and occurrence of Red Phalaropes in the study area. First, at-sea observation data for marine birds in the Canadian Pacific EEZ were obtained from a longterm database maintained by the Canadian Wildlife Service, Environment and Climate Change Canada (Morgan et al., 1991 , Kenyon et al., 2009 Fig. 2) . The following analyses were based on pelagic observations from August to November (southward migration period), and years 1990 to 2010. A negative binomial generalized additive model (GAM) with a default gamma of 1.4 was fit using package mgcv in R (R Core Team, 2017). The model was then used to interpolate and predict pelagic observations of Red Phalarope densities with position (longitude and latitude, as metres Easting and Northing in equal area BC Albers projection) and depth (in metres square root transformed to normalize statistical distribution) as predictor variables, and log etransformed survey effort (km 2 of area observed during each transect) was included as an offset variable. Depth data were obtained from the ETOPO1 1 Arc-Minute Global Relief Model (Amante and Eakins, 2009 ). Latitude and longitude were implemented as a bivariate predictor variable in the GAM as a smoothing function using penalized regression splines with Restricted Maximum Likelihood to determine the optimal degree of smoothing. Depth data were implemented in the GAM as a linear predictor after the data were normalized. Likelihood ratio tests were used to determine factor significance (α = 0.05), and Akaike's Information Criteria (AIC) were used to inform model selection with respect to smoothing flexibility (i.e., the number of knots used in the smoothing function -see package mgcv documentation for further details: R Core Team, 2017). Best fit GAM predictions were made using a grid with 1 × 1 km cells, with mean depth per cell, and effort of 1 km 2 per cell. The resulting predictions were divided into five classifications based on Jenks or natural breaks for visualization (Fig. 2) . The second data source was eBird records. eBird is a global citizen science initiative wherein tens of thousands of volunteer birdwatchers submit their observations and checklists to a central repository (Sullivan et al., 2014) . We obtained eBird checklists for British Columbia through the online data portal (ebird.org), and selected all checklists found on ocean waters or inland within 500 m from shore. Using only checklists collected in the late summer to fall (August to November; Tracy et al., 2002) , 1980 to 2016, each checklist was assigned to an ecoregion based on the Ecoregion Classification System of British Columbia (Demarchi, 1996) . These ecoregions were then grouped in two broad geographic areas (Fig. 3 ) that were associated with either (1) the Continental Shelf break and beyond ('Pelagic-Continental Shelf-break'), or (2) the more inland waters closer to shore ('Hecate Depression-South Coast'). The Pelagic-Continental Shelf-break area was constructed from the ecoregions Sub-Arctic Pacific, Transitional Pacific, and Outer Pacific Shelf. The Hecate Depression-South Coast area was constructed from the ecoregions Hecate Depression, Inner Pacific Shelf, Gwaii Haanas, Hecate Continental Shelf, Lower Mainland, Eastern Vancouver Island, Western Vancouver Island, and Georgia-Puget Basin. Given the relative paucity of records at sea, this stratification allowed us to construct two time series that had checklists every year, and still test the hypothesis that Red Phalaropes are found closer to shore during particular years.
Number of checklists containing Red Phalarope and total number of checklists were tallied for each year from 1980 to 2016 at the PelagicContinental Shelf-break and Hecate Depression-South Coast areas. The proportion of checklists with Red Phalarope records was modelled as a binomial variable as a function of year using the GAM approach described above. We also conducted this analysis using a subset of lists where observers indicated that all species had been reported ('complete checklists'), but found it made no qualitative difference to the results, and we thus present the analysis with all checklists included.
Ocean conditions
We characterized ocean conditions for the study area during the fall migration of 2016 using Sea Surface Temperature (SST) and upwelling. SST values were obtained from NOAA High Resolution SST data provided by the Earth System Research Laboratory of the National Oceanic and Atmospheric Administration (NOAA) from their website at http:// www.esrl.noaa.gov/psd/. We compared the spatial distribution of sea surface temperature in the central coast region of British Columbia during 1 October 2016 to 30 November 2016 to normal conditions, based on long-term mean values from September 1981 to present (Reynolds et al., 2007) .
Upwelling occurs when ocean water is brought up toward the surface from depths of 100 to 300 m, and can bring high concentrations of nutrients that enhance biological production (Thomson, 1981) . The upwelling index is an index of the strength of the wind forcing on the ocean (Bakun, 1975) , and has been associated with the reproductive and recruitment success of many fish and invertebrate species (Mackas et al., 2001; Papastephanou et al., 2006) . The Pacific Fisheries Environmental Laboratory provides indices of the intensity of large-scale, wind-induced coastal upwelling at 15 standard locations along the west coast of North America, available at https://www.pfeg.noaa.gov/ products/PFEL/modeled/indices/upwelling/upwelling.html, where positive values indicate stronger upwelling. We obtained the hourly offshore indices from the location nearest our study site (51.00°N, 131.00°W), calculated the monthly mean values for 1981 to 2010 (for a similar comparison to the SST data), and compared conditions observed in 2016 to these average conditions.
Results
Necropsy and gut content analyses
None of the nine carcasses had visual, olfactory or tactile evidence of oiling. Three of the eight beached phalaropes were partially scavenged, one to the degree that its sex and age could not be determined. Of the eight remaining birds whose sex could be determined, five were immature birds (as determined by the presence of a bursa) and three were mature birds, while six were female, and two were males. All intact birds were severely underweight. Weights of the intact birds ranged from 28 to 33 g (not including scavenged birds; Supplemental material Appendix A). Red Phalaropes are typically 45-60 g, with differences between sexes and ages (Tracy et al., 2002) , and found birds were 47-64% of the mean reference weights for each age/sex category based on body measures in Tracy et al. (2002) . The bird struck by a vehicle on Haida Gwaii had a body mass of 33 g, similar to the values of the other beached birds. All phalaropes were in emaciated or thin/poor body condition; most had acute intestinal hemorrhage, indicating intense agonal physiological stress. Most birds drowned, although several had other traumatic injuries. Starvation was determined to be the probable cause of death for the majority of the birds. See Supplemental material Appendix A for full details of necropsies.
Gastro-intestinal tracts were empty of food items, with a few exceptions of shells of small marine gastropods, mostly limpets and Littorines, and small fragments of algae. All individuals (100%, n = 9, CI 76-100%) contained plastic debris in their guts (Table 1) . Number of plastic pieces per stomach ranged from 3 to 26 pieces, with a mean of 12.3 pieces (SD = 9.5, SE = 3.2, median = 15). The mean total mass of plastics per bird was 0.039 g (SD = 0.0548 g, SE = 0.0182 g, median = 0.024 g, min = 0.001 g, max = 0.178 g). The bird struck by a vehicle on Haida Gwaii had a mass of plastics in its gut contents (0.042 g) that was close to the mean value of the other birds.
Of the 111 plastic pieces found among all the birds, the majority (94.6%) were microplastics (1-5 mm in size), with a small proportion (4.5%) of mesoplastics (> 5-20 mm), and a very small proportion of (< 1%) of ultrafine plastics (1 μm to 1 mm). Most pieces (82.9%) were user plastics, with a smaller fraction being industrial plastic pellets (17.1%). Most common plastic types were hard fragments (61.3%), industrial pellets (17.1%), sheet plastics (7.2%), and foamed synthetics (6.3%), with small amounts of other debris types (Table 1) . Colour of the plastic pieces varied, but the majority (65.8%) were off white/clear, black (13.5%), and orange/brown (9.0%), with small amounts of other colours (Table 1) .
Modelling of marine distribution based on pelagic survey data and eBird records
Based on pelagic survey data collected and pooled among the months May to September, and years 1990-2010, the best fit GAM included both the bivariate position variable (longitude, latitude: χ 2 = 43.44, P = 0.0024) and depth (χ 2 = 2.63, P = 0.0085). The optimal number of knots was 90 for position with a minimum AIC value of 1011.3, which explained 29.0% of the model deviance. All observations of Red Phalaropes during the fall period occurred to the south along line P (Fig. 2) . The resulting surface predicted that Red Phalaropes are normally absent to rare in the Queen Charlotte Sound area and over much of the Canadian Pacific EEZ during the fall months (Fig. 2) . Mid to high densities of Red Phalaropes were predicted to occur in the southern sections of the larger study area during fall months, indicating the ocean distribution of this species is strongly linked to the California Current during the fall (Fig. 2 ). An area of mid-low concentrations also occurred associated with the Bowie Seamount, approximately 200 km west of Haida Gwaii (Fig. 2) . The number of eBird checklists made during August to November in coastal regions of British Columbia has grown exponentially over time from 1980 to 2016 (Supplemental material Appendix B). From the 1980s to 2016, the annual number of checklists in the PelagicContinental Shelf-break area increased from dozens to nearly 800 checklists, and in the Hecate Depression-South Coast from hundreds to nearly 12 thousand checklists. During this time, a total of 377 checklists containing Red Phalaropes were noted, of which 141 checklists (37%) occurred in the Pelagic-Continental Shelf-break area, and 236 checklists Table 1 Mass and number of ingested plastics found in the guts of the 9 Red Phalaropes recovered on the north central coast of British Columbia, Canada, during October and November 2017. Attribute types and definitions are based on Provencher et al. (2017) . Masses are expressed in mg. Percent of total (number) refers to sample size N divided by the total of 111 pieces of plastics, and percent of total (mass) refers to sample size N divided by 35.14 mg. Within each attribute, items are sorted by decreasing sample size N. (63%) occurred in the Hecate Depression-South Coast area. In general, checklists containing Red Phalaropes were rare, typically ranging from 0 to 5 each year in both areas, with the exception of the period from 2013 to 2015, when dozens of checklists included records of Red Phalaropes (Fig. 4) . In 2016, a spike in frequency of checklists occurred in both areas, and 61 and 131 Red Phalarope records were made in the Pelagic-Continental Shelf-break area and the Hecate Depression-South Coast area, respectively. The proportion of checklists with Red Phalaropes varied over time. The GAM for Pelagic-Continental Shelf-break area indicated a significant effect of year (edf = 2.6, χ 2 = 16.3, P = 0.001), wherein an average of~5% of checklists included phalaropes in the 1980s, decreasing to a nadir of~2% in the 1990s, and then increasing again to 5% in 2016 (Fig. 4) . The GAM for the Hecate Depression-South Coast area also indicated a significant effect of year (edf = 8.8, χ 2 = 167.5, P < 0.0001), with a complex temporal pattern of very low proportions of < 0.05%, punctuated by years when the proportions rose sharply to values > 0.50% (Fig. 4) . These 10-fold increases occurred in the mid-1980s, 2002, and again in 2016.
Ocean conditions
Ocean conditions in the Queen Charlotte Sound region in the fall of 2016 were warmer than usual, and SST values for the region ranged from 11.5 to 12.5°C, approximately 1 to 1.5°C higher than the longterm average for this period, based on data from 1981 to 2010 (Fig. 5) . The upwelling index showed a strong seasonal pattern of variation, with highest values during the spring and summer months from April to September (Fig. 5) . Conditions in 2016 indicate upwelling was very high in August and average in September, and then decreased abruptly during the remaining fall months (October to November) to well below normal (Fig. 5) . In October, the observed index value was lower than the 25% percentile relative to conditions observed during the 1981-2010 period, and values in November 2016 were entirely below the range of values observed during the reference period.
Discussion
The warm sea surface temperatures and reduced upwelling that occurred in the Queen Charlotte Sound area during the fall of 2016 appear to be an extension of the unusual marine heatwave that persisted over much of the northeast Pacific during consecutive winters from 2014 to 2016 Di Lorenzo and Mantua, 2016) . This heatwave was associated with mortality events of other marine birds in the northeast Pacific, including Cassin's Auklet Ptychoramphus aleuticus and Common Murre Uria aalge (Floren and Shugart, 2017; Gibble et al., 2018; Jones et al., 2018) . While only few phalaropes were found in this mortality event (likely due to low numbers of human observers along a remote coastline), the 17-day time period between the first and last bird found, the~25 km spatial spread over which they were found (Fig. 1) , and the unusual numbers of inshore observations in the Haida Gwaii area for several weeks (C. Bergman, pers. obs.) indicate the possibility of much larger mortality event. Further, carcasses of Red Phalaropes were found during the fall of 2016 all along Washington and Oregon coastlines at much higher encounter rates than background rates (COASST, 2016) , which is also indicative of a larger mortality event that extends beyond our study region (i.e., at the ocean basin scale).
Red Phalaropes feed primarily in upwelling zones (Briggs et al., 1984; DiGiacomo et al., 2002; Tracy et al., 2002) . The rapid decrease in upwelling and switch to downwelling that occurred from August to November 2016 (Fig. 5) indicates the potential that food resources for the surface-feeding Red Phalarope may have been abruptly terminated, and provides an explanation for their unusual movements and ultimately the mortality event that we document here. The presence of shore and intertidal food items (limpets and snails) in their gastro-intestinal tracts also suggests prey switching away from pelagic zooplankton had occurred. Ocean conditions in the North Pacific can have strong and rapid effects on copepod communities related to warm water conditions, especially due to changes in upwelling (Roemmich and McGowan, 1995; Batten and Welch, 2004) . A change in copepod communities from larger northern species to those dominated by southern species has been linked to increased mortality in Cassin's Auklets (Jones et al., 2018) .
The marine distribution modelling and eBird records underscore the pelagic distribution of Red Phalaropes, and the unusual nature of their sightings close to shore during 2016. The eBird time series indicate that increased sighting rates near shore have occurred intermittently since 1980, with clear peaks during the autumns of 1982, 1986, 2002, and 2016 . These peaks correspond to medium to strong ENSO events, in both warm and cold phases (NOAA, 2017). However, not every ENSO event was associated with increased eBird sighting rates in near-shore areas of British Columbia (e.g., the 1998/1999 event), and therefore the mechanism is unclear. The 2002 peak in eBird checklists containing Red Phalaropes in the Hecate Depression-South Coast area (Fig. 4) also coincided with increased encounter rates of Red Phalarope carcasses on Washington and Oregon coastlines (COASST, 2016) , again suggesting that phalaropes move closer to shore during years when ocean conditions are unfavourable, presumably in search of food. To test this hypothesis, we conducted a post-hoc analysis wherein we used a Generalized Linear Model (GLM; R Core Team (2017)) to model the proportion of eBird checklists with Red Phalaropes in the two areas (Pelagic-Continental Shelf-break, and Hecate Depression-South Coast) as a function of the upwelling index. The explanatory variable was the mean upwelling index value of October/November of each year from the location nearest our study site. We found that sighting rates of Red Phalaropes in the Pelagic-Continental Shelf-break were weakly and negatively (not significantly) correlated with the upwelling index (β = −0.0048, SE = 0.003, z = −1.73, P = 0.08). In contrast, sighting rates in the Hecate Depression-South Coast had a strong negative association with the upwelling index (β = −0.032, SE = 0.003, z = −12.1, P < 0.001), indicating more birds were observed in this area closer to shore when upwelling was weak, consistent with our hypothesis.
The 100% incidence of plastics in stomach contents of deceased Red Phalaropes found in this study, recognizing the small sample size (N = 9), is similar to other studies of found carcasses on the Pacific west coast (Bond, 1971; Nevins et al., 2005) . This high frequency differs somewhat from studies of birds killed accidently (83%, n = 7, Connors and Smith, 1982) , or those in studies where birds are sampled live at sea (70-85%, n = 55, Moser and Lee, 1992) , although we note the difficulty in inferring robust patterns with the small sample sizes. Overall, this high frequency of occurrences of ingested plastics suggests Red Phalaropes may be especially susceptible to ingesting marine plastic debris during periods of reduced food availability when prey switching may occur. The weight of plastic per bird in this study (mean of 0.039 g) is in the same order of magnitude as the 7 birds examined by Connors and Smith (1982) during northward migration on the north coast of California (mean of 0.0286 g), and somewhat lower than the weight of plastics in Red Phalaropes shot at-sea 5-60 km off the North Carolina coast (mean of 0.15 g; Moser and Lee, 1992) . Most plastics in our sample (65.8%, Table 1 ) were off-white/clear, consistent with other studies (Moser and Lee, 1992) , and is thought to occur because such pieces resemble the planktonic larvae and adult forms of a number of crustaceans (Azzarello and Van Vleet, 1987) .
The role of plastic pollution in the mortality event of Red Phalaropes documented in this study remains unclear. Concerns about plastic ingestion include obstruction of the intestinal tract, blockage of gastric enzyme secretion, diminished feeding stimulus, lowered steroid hormone levels, delayed ovulation, and reproductive failure (Rochman et al., 2016 , Galloway et al., 2017 . Moser and Lee (1992) concluded that ocean-borne plastics were unlikely to be causing detrimental effects on Red Phalaropes in the North Atlantic Ocean because stomach fullness was similar between birds with and without plastics in their gut contents. However, in the absence of other evidence, we note that such a pattern would emerge if plastic were directly replacing natural foods in their diet, and concerns about possible deleterious effects of ingesting plastics should not be dismissed, especially given the accelerated increase in plastic pollution that is currently occurring (Barnes et al., 2009) .
What is clear is the change in spatial distribution of Red Phalaropes that occurred in British Columbia waters during a period associated with a rapid switch in the annual shift from upwelling to downwelling (Fig. 5) . Theoretically, upwelling should reduce the concentration of plastics by bringing deep and presumably cleaner water to the surface (Desforges et al., 2014) , and by dispersing offshore plastic coming from the mainland. In contrast, downwelling serves to concentrate plastic along the coast as coastal sources are concentrated (not dispersed out to sea) and plastic from oceanic sources (i.e., surface currents) are also brought in (Howell et al., 2012) . This switch indicates the potential for dual effects on birds that feed on surface plankton. Red Phalaropes appear in greater numbers closer to shore during such episodes, and these littoral zones often have much higher concentrations of plastic debris than pelagic areas (Williams et al., 2011; Desforges et al., 2014) . Therefore, the role of plastic pollution may best be understood under the aegis of multiple stressors on wildlife populations (Sih et al., 2004) . Ingestion of plastic debris may act as a 'double-whammy', wherein phalaropes fed on plastic debris while in a weakened state induced by adverse ocean conditions, resulting in a combination of two adverse circumstances. Sub-lethal effects of plastic ingestion have yet to be studied, particularly those that emerge when birds are naturally stressed. The high concentration of plastics in Queen Charlotte Sound (an area with few roads and a small population providing limited local sources of plastic) underscores the global nature of plastic pollution, the influence of oceanographic surface current patterns (van Sebille et al., 2015) , and the need for innovative solutions to protect pristine wilderness areas.
